Background and Objectives：Percutaneous cardiopulmonary support (PCPS) provides hemodynamic stability for the treatment of patients suffering with cardiogenic shock or cardiac arrest, and it can be used in a wide variety of clinical settings without the need for chest exploration. In this study, we summarize a single center's experience with performing PCPS in the patients who suffered with severe cardiopulmonary failure. Subjects and Methods： We retrospectively reviewed 30 consecutive patients with cardiac arrest or severe cardiogenic shock who received PCPS for cardiac resuscitation from November 2003 to July 2005. The self-priming, heparin-coated circuit of the Emergency Bypass System ® was used in all the patients. Cannulation was performed via the femoral artery and vein with using an arterial (17 to 21 French) and venous cannula (21 to 28 French), percutaneously or with a small incision. Results：The Indications for PCPS were: ischemic heart disease before coronary revascularization, myocardial disease, PCI-associated complications and post-operative hemodynamic collapse. Of the 30 patients we evaluated, 19 patients (63%) were successfully weaned off of the PCPS; 14 of these patients (47%) were later discharged from the hospital. For the survivors, the time interval from cardiac arrest or severe cardiogenic shock to the onset of PCPS was significantly shorter (p=0.01), and the urine output for the initial 24 hours was significantly higher (p=0.04). Conclusion：This retrospective analysis demonstrates the effectiveness of using PCPS for the treatment of critically unstable patients with cardiac arrest or cardiogenic shock. Larger scale studies of PCPS are now needed to confirm these findings. (Korean Circulation J 2006;36:11-16)
Introduction
Temporary mechanical circulatory support has been widely used for postoperative cardiac support in the patients suffering with severe cardiopulmonary failure. The cannulas have typically been inserted into the right atrium and the ascending aorta through an open thoracotomy. Recent advances in catheters, bypass circuits, membrane oxygenators and percutaneous cannulation techniques have made it possible to start a closed-chest cardiopulmonary bypass outside of the operating room. Many investigators have employed percutaneous cardiopulmonary support(PCPS) with varying degrees of success as a therapeutic option in a variety of clinical settings. [1] [2] [3] The recently introduced Emergency Bypass system ® (EBS ® : Terumo, Inc., Tokyo, Japan) is a PCPS system that can be easily used when needed. In this study, we report our experience with using the EBS ® in those patients suffering with severe cardiopulmonary failure.
Subjects and Methods

Subjects
From November 2003 to July 2005 at the Samsung Medical Center, thirty patients suffering with severe cardiopulmonary failure, including cardiogenic shock and cardiac arrest, underwent hemodynamic support using EBS ® , and these patients were included in this study. We started PCPS in those patients with profound cardiopulmonary failure when they were not responsive to aggressive pharmacologic treatment and when IABP support was not effective. The indications for PCPS included: 1) ischemic heart disease before coronary revascularization, 2) myocardial disease, including acute fulminant myocarditis, 3) PCI-associated with events, including left main dissection and acute/subacute stent thrombosis, and 4) post-cardiac surgery with hemodynamic collapse.
PCPS procedure
The PCPS system used in our study was the Capiox Emergency Bypass System ® (Terumo, Inc., Tokyo, Japan), which is an all-in-one package of a heparin-coated membrane oxygenator that is preassembled with bypass circuits and a cone for the centrifugal pump. The console has a fully automatic priming function and takes only several minutes to prepare it for use. Therefore, this system has the advantage of allowing quick start-up for instituting PCPS; this is especially important for treating patients who present with cardiopulmonary arrest.
The PCPS apparatus is ready for emergencies, and it is used by a well-trained team at our hospital to prepare the patient for pump placement within minutes. For the percutaneous technique, the tip of the arterial cannula is advanced and positioned in the common iliac artery; the tip of the venous catheter is placed at the junction of the right atrium and the superior vena cava through a rigid backup guidewire and under fluoroscopic guidance. Long venous cannulas, DLP ® (Medtronic inc. Minneapolis, MN) from 17Fr to 28Fr, were used for the venous cannulations; RMI ® arterial cannulas(Edwards's Lifescience LLC, Irvine, CA), from 16Fr to 21Fr were used for the arterial cannulations. If the percutaneous cannulation failed, then direct surgical exposure of the femoral vessels was done and cannulation was performed under direct visualization.
The patients were fully heparinized with continuous injection at the rate of 3 mg/kg/min to maintain the activated clotting time at greater than 200 sec. Extracorporeal circulation was initiated after the pump and cannulas were purged. The centrifugal pump provides a non-pulsatile flow at a rate between 1 and 5 L/min. The flow can be increased or decreased with inotropics or fluids as needed during the procedure. In most patients who showed the obvious signs of leg ischemia, a perfusion catheter was inserted distally into the femoral artery. When weaning the patient from the pump, both cannulas were clamped and the pump was interrupted. There were no cases that required protamine to reverse the effects of circulating heparin in our patients, the same as was previously reported, 4) and the cannulas were surgically removed.
Clinical follow-up
The patients' medical records were reviewed for evaluating the PCPS. All the patients who survived and were discharged from the hospital were closely followed by telephone and they were clinically reevaluated when needed. The mean clinical follow-up period was 9.8± 7.3 months.
Statistics
The data are expressed as means±standard deviations for the continuous variables, and as absolute and relative frequencies for the categorical variables. Student's unpaired t test was used to compare the continuous variables between the groups. A p<0.05 was considered to be statistically significant. Categorical variables were compared with using the Chi-square test. Probability values <0.05 were considered to be statistically significant.
Results
Baseline characteristics
Fourteen patients who displayed cardiogenic shock and 16 patients who displayed cardiac arrest were included in this study. The number of male patients was 20 and their average age was 53±20 years( Table 1 ). The most common clinical diagnosis on admission was myocardial infarction, and this was followed by myocarditis. The others diagnoses (Table 1) included: primary pulmonary hypertension, aortic dissection, Ebstein anomaly, and cardiac amyloidosis in 1 patient each, respectively. Diabetes mellitus was noted in 11 patients(37%). The mean ejection fraction was 32±17% on the pre-procedural echocardiography and the ejection fraction was less than 20% in 9(30%) patients.
Indications for PCPS
The indications for PCPS were ischemic heart disease before coronary revascularization in 5 patients, myocardial disease in 8 patients(7 fulminant myocarditis patients and 1 patient with cardiac amyloidosis), PCIassociated complications in 7 patients and post-operative hemodynamic collapse in 10 patients( Table 2 ). The PCI-associated complications included left main dissection in 2 patients, acute thrombosis after prolonged kissing ballooning for a left main bifurcated lesion, rotablator procedures, prolonged manipulation of a intravascular ultrasound catheter and subacute thrombosis in the left main artery that occurred within 1 day of the procedure. The surgical procedures in the post-operative group included CABG in 5 patients, total arch replacements in 2 patients and aortic valve replacements in 3 patients.
Clinical outcome of PCPS
Procedural success was initially achieved in all the patients. The duration of PCPS, the time for weaning from PCPS, the requirement for using concomitant intra-aortic balloon pump(IABP) support, the number of cases of continuous veno-venous hemofiltration for the management of acute renal failure and the number of survivors are all listed in Table 3 . Only 1 patient survived out of the 5 patients(20%) who showed ischemic heart disease and hemodynamic collapse that was not associated with coronary revascularization, whereas 4 patients survived out of the 8 patients(50%) who suffered with myocardial disease, and 9 patients survived out of 17 patients(53%) during or after PCI or cardiac surgery(p=0.42). All of the patients in the PCI-associated complication group underwent PCPS in the catheterization laboratory and they required complete revascularization; 6 patients were treated by PCI and 1 patient was treated by CABG. Five of the 7 patients(71%) were weaned from PCPS and later discharged from the hospital.
The patients were treated with either PCI(n=6), a surgical procedure(n=5) or medical management(n= 19) after performing PCPS. Seven out of 19 patients (37%) survived with instituting medical management; however, 7 out of 11 patients(64%) survived with performing PCI or cardiac surgery(p=0.26).
19 patients(63%) were successfully weaned from PCPS, and 14 patients(47%) survived and were later discharged from the hospital at an average of 26±14 days after their procedures. No major adverse cardiac events occurred during the 9.8±7.3 months of followup for all 14 survivors.
For the 11 patients who could not be weaned, the medical team discontinued PCPS maintenance because there were no signs of cardiac recovery in 8 patients, as well as severe irreversible non-cardiac causes such as multi-organ failure and respiratory failure in 3 patients. Five patients were initially weaned from PCPS, but they failed to survive after weaning; 2 patients died suddenly from refractory ventricular fibrillation, 2 patients died from low cardiac output and 1 patient died from acute rejection after heart transplantation.
Procedure-related complications were noted in 10 patients(33%); these complications were major bleed- 
Prognostics factors after PCPS
The clinical variables were compared between the patients with successful weaning vs. those who failed at weaning, and between the survivors vs. the non-survivors (Table 4 , 5). The adoption rate of IABP and the amount of urine for the initial 24 hours were significantly higher in the group who showed successful weaning(p=0.03 for IABP, p=0.01 for the 24-hour urine volume). There was also a tendency for a shorter time interval from the cardiogenic shock or cardiac arrest to the onset of PCPS for the patients who were successfully weaned(p=0.06). For the survivors, the time interval from the cardiogenic shock or cardiac arrest to the onset of PCPS was significantly shorter(p= 0.01), and the urine volume for the initial 24 hours was higher(p=0.04).
Discussion
Applications of percutaneous cardiopulmonary support have been reported on in the Western countries where it is used due to the advantages of convenience and the quick start up of hemodynamic support for the vital organs during circulatory collapse. 5) In Korea, there have been several case reports of PCPS for the patients who are treated with a left ventricular assist device or extracorporeal membrane oxygenation. 6)7) This study is the first systematic report of using PCPS for the Korean patients suffering with severe cardiopulmonary collapse.
In our series, we included 30 patients with cardiogenic shock or cardiac arrest. Successful weaning was achieved in 19 patients(63%); 14(47%) patients survived and were then discharged from the hospital. The favorable prognostic factors were a shorter time interval from the cardiogenic shock or cardiac arrest to the onset of PCPS, the use of IABP and a higher amount of urine production over the initial 24 hours.
Indications of PCPS
We considered initiating PCPS for those patients suffering with profound cardiopulmonary failure and whose clinical course seemed to be inevitably fatal without definitive hemodynamic support. PCPS was started when the patients were not responsive to conventional cardiopulmonary resuscitation, and when IABP support did not seem to be adequate or feasible.
In our series, the patients were categorized as having ischemic heart disease before revascularization; these diseases included myocardial diseases, PCI-associated complications and post-operative circulatory collapse. Among the patients with myocardial disease, 7 patients suffered from acute fulminant myocarditis and 4 of them survived. All 4 patients have had no adverse cardiac events since their discharge. Acute fulminant myocarditis has been thought to be a fatal disease; however, if the patients initially recover, they reportedly return to a normal life with a good long-term prognosis. PCPS can play an important role in supporting some of these fulminant myocarditis patients and helping them resume a normal life.
The application of PCPS was useful for the patients with circulatory collapse during or after PCI. Circul- 
Outcome of PCPS
Several prior studies have also demonstrated the variable effectiveness of PCPS for treating the critical coronary patients who suffer with cardiac arrest or cardiogenic shock during PCI and cardiac surgery. Reichman et al. 8) have reported on a series of 38 patients who underwent PCPS after cardiac arrest; seven patients in this series underwent CABG after PCPS. Seven patients were early survivors, and all 3 long-term survivors underwent CABG after PCPS. Matsuwaka et al. 9) have reported the results of instituting PCPS for severe cardiogenic shock after acute myocardial infarction. In their series of 16 patients, 13 underwent emergency surgery; CABG was done in 4 patients and closure of left ventricular rupture was done in 9 patients. Only 2 patients were in-hospital survivors: one patient underwent CABG and another patient underwent closure of left ventricular rupture. Suarez de Lezo et al. 10) reported a series of 24 patients with acute myocardial infarction and circulatory collapse who required PCI. Ten were early survivors, and 9 of these ten were also long-term survivors. The survival rate for those who underwent PCI or CABG was 25-43% in these reports. The large variation in outcome may be caused by several factors such as patient selection, a variable delay to the onset of PCPS and varying degrees of experience with the technique. 11) In our series, the survival rate after PCPS was 47%, which is somewhat higher than that in the previous reports. The most likely explanation is patient selection. We included many patients with procedure-or surgeryassociated complications. Patients with myocarditis are known to have a better prognosis than those patients with ischemic heart disease who present with cardiogenic shock or cardiac arrest. Another possible reason for a better survival rate may have been the quick start up of PCPS after circulatory collapse. We used the Capiox Emergency Bypass System ® (Terumo, Inc., Tokyo, Japan) in all patients, which is an all-in-one package of a membrane oxygenator preassembled with bypass circuits that have a fully automatic priming function. In a clinical setting, the system can be up and ready for use within 10 minutes when required. The percutaneous approach to cannulation also saves time in emergency situations. In our series, the average time from cardiogenic shock or cardiac arrest to PCPS was 34±20 minutes.
Although PCPS provides stable hemodynamic conditions, the mal-perfusion of the infarction-related coronary arteries still persists.
12) It has been suggested that patients with ischemic heart disease should undergo coronary intervention even if hemodynamic stability has been achieved by PCPS; this is because myocardial recovery is affected by the duration of ischemia. One of the major factors related to patient survival is the ability to correct the underlying causes of the hemodynamic instability. 8)13) In our series, PCPS was required as an emergency procedure for 7 patients who displayed circulatory collapse in the catheterization laboratory during PCI. After PCPS was instituted, PCI was then carried out in 6 patients and CABG was done in 1. Five of the 7 patients(71 %) were weaned from PCPS and then discharged from the hospital(71%), whereas only 1 patient survived out of 5 patients with ischemic heart disease and who were followed without revascularization. Patient selection played a major role in the outcome; therefore, a more aggressive approach to revascularization may improve the outcomes.
The main causes of death for our patients who were unable to be weaned from PCPS were multiorgan failure, complications with respiratory failure and deterioration of heart failure; whereas for the 5 patients who could be weaned from PCPS, they died from multiorgan failure due to prolonged low cardiac output or deterioration of heart failure, acute rejection after heart transplantation, and refractory ventricular fibrillation that persisted during the postoperative CABG period. Therefore, multi-organ failure and other concomitant disease continue to play a major role in the survival of patients with circulatory, collapse, even full hemodynamic support is instituted.
Prognostic factors
As for the factors affecting the outcomes, the time interval from the onset of the cardiogenic shock or cardiac arrest to PCPS institution, and the initial 24-hour urine volume were significant factors that affected both weaning from PCPS and the hospital mortality; in our study, the concomitant use of an IABP significantly affected the rate of weaning from PCPS.
In our series, the time interval from the onset of cardiogenic shock to the institution of PCPS was almost always less than 75 minutes and the mean interval was 34±20 min. For the survivors, the time delay was 25 ±8 minutes, whereas a 42±23 minute delay was recorded for the non-survivors(p=0.01). As the time interval from the onset of the cardiogenic shock or cardiac arrest to the institution of PCPS increased, the mortality generally increased. 13) Therefore, to minimize impairment of the cardiac function, it is important to start PCPS as quickly as possible. The amount of the initial 24-hour urine volume, after the institution of PCPS, was much higher for the survivors than for the nonsurvivors. This output may be a predictor of the renal failure leading to multiorgan failure and also the outcomes of such patients in this study.
IABP may also be a useful method for achieving protection from coronary revascularization or from conditions of low cardiac output. Because IABP in diastole is not equivalent to the strong output and favorable conditions provided by PCPS, it could not provide support during such extreme conditions as cardiac arrest or malignant arrhythmia, which frequently appear with cardiogenic shock. 10) Because PCPS itself has a nonphysiological directional circulation, this leads to an increase in the left ventricular afterload, left ventricular distension and myocardial injury, and it is less likely to promote recovery of the left ventricular function unless the left atrium is decompressed. 14) Therefore, for optimal clinical results, the concomitant use of an IABP would be required for the recovery of cardiac function during an PCPS operation.
15)
Complications of PCPS
Several complications related to PCPS have been reported, and these include limb ischemia, thromboembolism and bleeding, 5) but they are relatively infrequent. We have encountered some of these complications, including major bleeding and ischemic stroke; major bleeding was the predominant problem that contributed to the significant morbidity associated with PCPS, although the effect of bleeding on mortality remains controversial. Yamashita et al. 16) have identified bleeding and consecutive multiorgan failure as main causes of death in their study. All the 4 patients with substantial bleeding in our study population were nonsurvivors. We did not encounter femoral vessel injury or leg ischemia that required surgical intervention; this is thought to be a result of performing separate cannulation of the superficial or popliteal artery, which is an important maneuver and particularly for the patient with small femoral arteries.
Limitation of this study
Our study is not a prospective, randomized, controlled study. The non-randomized small sample size should be noted when interpreting our data. The number of cases for the groups we analyzed was small. To definitively confirm the safety and efficacy of PCPS, a large, multicenter, randomized, controlled study is required to compare the outcome of the PCPS-treated patients and conventionally treated patients.
Conclusion
This retrospective analysis demonstrated the effectiveness of using PCPS for treating critically unstable patients with cardiac arrest or cardiogenic shock that would have inevitably been fatal without hemodynamic support. Large scale prospective studies are now needed to confirm these findings.
